This report reemphasizes the association of hiatal hernia and neuromuscular disease of the esophagus. Thirty-eight patients out of a group of 130 studied by esophageal manometry had the combination of hiatal hernia and a neuromuscular problem of the esophagus ranging from severe hypoactivity to severe hyperactivity. One-third of the patients had no treatment, one-third bad hernia repair alone, and one-third had a hernia repair plus a long Heller myotomy. In this latter group, all of the patients had hyperactive esophageal responses ranging from relatively mild to severe spasm of the lower esophagus. Ten of 13 patients had complete amelioration of the dysphagia. In the patients not having a HeUer myotomy, the dy~phagia persisted. It has been concluded from thii study that all patients with a hiatal hernia and unexplained dysphagia should have intraesophageal pressure studies or cinefluoroscopy of the esophagus to evaluate esophageal function. The addition of a long myotomy to the hernia repair in those patients with hyperactive responses adds little risk to the procedure and has resulted in remission of the dysphagia in the majority of patients studied.
all patients with a hiatal hernia and unexplained dysphagia should have intraesophageal pressure studies or cinefluoroscopy of the esophagus to evaluate esophageal function. The addition of a long myotomy to the hernia repair in those patients with hyperactive responses adds little risk to the procedure and has resulted in remission of the dysphagia in the majority of patients studied.
he advent of intra-esophageal pressure studies Tand cinefluorography of the esophagus has established the concept of the esophagus as a dynamic structure in which disease entities are interrelated.'-5 The association of hiatal hernia, esophageal diverticula, and neuromuscular problems of the esophagus has been delineated in previous s t u d i e~.~-~ Dysphagia is not a common symptom of hiatal hernia unless significant esophagitis with spasm or stricture of the terminal esophagus can be demonstrated. The particular importance of the association of neuromuscular dysfunction of the esophagus with hiatal hernia was brought out in four patients in whom the major complaint of dysphagia persisted after the hiatal hernia was repaired. As a consequence of these disconcerting results, all patients with a hiatal hernia and unexplained dysphagia now receive in- ' traesophageal pressure studies and cinefluoroscopy of the esophagus.
Since 1955 approximately 130 patients with suspected esophageal motility problems have been studied over two periods of time, 1955 to 1958, and 1965 to 1971 . In this group of 130 patients there were 38 with the combination of proved hiatal hernia and esophageal motor dysfunction which constitute the basis of this report. Twenty-five of the 38 patients had a hiatal hernia repair and represent a small portion of the 325 patients having hiatal hernia repair during the same period.
The 38 patients are divided into groups on the basis of their clinical treatment as shown in Table 1 . Approximately one-third had no surgery, one-third had hiatal hernia repair and one-third had hiatal hernia repair plus esophageal myotomy.
The diagnosis of hiatal hernia was confirmed in most of the patients by means of x-ray shidies. In a few patients, if the hernia was not demonstrated, reflux of barium from the stomach was seen. ktost of the patients had an esophagoscopy and the degree of esophagitis present was evaluated. If dysphagia was a prominent symptom, evidence of an esophageal motility abnormality was sought by means of intraesophageal manometry and cinefluoroscopy of the esophagus. Recently, the catheter strain-gauge system has been perfused with water, as described by Winans and Harris1o.H at a rate of 0.2 ml/min to 0.4 ml/min. With this techniaue the sphincteric area is Inore clearly ontlined; catheter tips are maintained free of mucous occlusion, and esophageal pressures recorded during deglutition are consequently more reliable and easier to interpret.
The records of the manometrv tests were evaluated for evidence of double respiratory reversal,Q and the resting pressure and peristalic responses of the gastroesophageal and cricopharyngeal sphincters were noted. The amplitude and character of contractile responses during each deglutition were tabulated for the entire length of the esophagus. Esophageal motility was rated according to the amplitude and duration of contractions, sequence of contractions, and the presence or absence of repetitive or spontaneous activity.
All hernia repairs were done through the left chest by a modification of the Allisonl2 technique, or, more recently, by the technique of Belsey and co-workers.'" The esophageal myotomy was generally Inore extensive than the routine Heller ~nyotomy done for achalasia, extending at least to the pulmonary hilus and often to the aortic arch.
Normal (Fig 1) and abnormal patterns of esophageal motility are well and two basic patterns of esophageal imbalance associated with hiatal hernia have been distinguished in the present study.
The first is one of hyperactivity. In its extreme form it has been termed diffuse spasm of the lower esophagus, segmentation, or pseudodiverticulosis. This esophageal motility pattcrn is characterized by exaggerated, repetitive, and sometimes prolonged contractions in the lower one-third as well as spontaneous activity at all levels of the esophagus (Fig 2 ) .
Thr second pattern is one of hypoactivity. In its extreme form it is found in achalasia of the esophagus and scleroderma, and has been called neuromuscular failure. Esophageal pressure studies reveal essentially no peristaltic activity and the esophagus either fails to respond or contracts weakly through-S 2 S U FIGURE 2. Record of intra-esophageal pressure in patient 1 ( Table 3 ) during a swallow, S, of 5 ml of water, illustrating high amplitude, repetitive contractions. Note that the majority of responses in the lower esophagus are sinir~ltaneous. The gastroesophageal sphincter contracts premah~rely and spontaneous llncoordinated high pressure activity persists for more than one-half minute. Barium swallow is shown in Figure 6 .
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In addition, a group of patients in this study has shown motility patterns in between these two extremes (Fig 4 ) . This intermediate pattern is characterized by prolonged contractions which are usually of low amplitude and may be simultaneous. Occasional low amplitude repetitive and spontaneous activity is observed.
Of 34 patients with hiatal hernia having satisfactory esophageal pressure studies, a nonreactive band of upper esophagus has been observed in 17.
As each successive open tip was withdrawn through this region, esophageal pressure in the band was significantly less than that in the open tip 5 cm above and below this point ( Fig 5) . The band was usually 2 to 3 cm in length and was centered from 4 to 10 cm below the pharyngo-esophageal sphincter. In some patients this band was the site of a significant delay ( 3 to 4 seconds) in propagation of the peristaltic wave to the lower esophagus. The band was not distinguishable in many of the patients studied because contractile responses were of low amplitude throughout the entire esophagus. This band of low pressure has not been observed in normal patients, and its significance has not been determined.
Thirteen of the 38 patients with a hiatal hernia and associated neuromuscular problems were not operated upon for a variety of reasons, such as patient refusal, general physical condition, or nonreferral to a surgeon ( Table 2 ) . Six of these patients had hyperactive esophageal motility patterns, four had hypoactive responses, and three had the intermediate response pattern. Four of the patients had a diverticulum of the lower or mid esophagus and one patient had scleroderma. In general, dysphagia in these patients has continued for the period of observation.
Hiatal hernia repair alone was done in 12 patients ( Table 3 ) . In eight of these patients intraesophageal pressure studies revealed hypoactive responses. Of these, two patients had severe neuromuscular failure with virtually no contractile response of the esophagus at any level during deglutition. Four patients in the group had hyperactive responses, and two of these exhibited true seg- mentation or diffuse spasm of the lower esophagus (Fig 6 ) . Dysphagia. was not a major complaint in this group except in the two patients with segmentation and the two with severe neuromuscular failure. It is of interest that the latter four patients continued to complain of their dysphagia postoperatively and were the stimulus for this study. In fact, one of the failures with hiatal hernia repair alone (No. 2 ) had a subsequent myotomy and is also included in the third group (see Table 4 ). One patient with hiatal hernia repair alone has returned to the hospital on several occasions with food lodged in her lower esophagus, but she is otherwise asymptomatic. The peristaltic response in her lower esophagus during the pressure study was rated normal to high with a normal gastroesophageal sphincter.
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Thirteen patients, all d whom had significant dysphagia prior to operation, had an esophago- Table 4) . In these patients a more extensive myotomy was done than for patients with achalasia of the esophagus. The myotomy extended from the esophagogastric junction to the level of the pulmonary hilus, or even to the aortic arch. Three of the patients in this group had di&lse spasm and exhibited marked contraction abnormalities in the lower one-third of the esophagus (Fig 6 ) and three patients had evidence of a hyperactive lower esophageal sphincter, either by x-ray or esophageal pressure studies. One of these three patients ( No. 2) had a previous hiatal hernia repair with persistence of his symptoms of dysphagia. The remaining seven patients had activity patterns characterized by low, but uncoordinated, simultaneous, repetitive and spon- taneous contractions in the lower esophagus. The symptoms of dysphagia were relieved in ten of the 13 patients. One patient had excision of an epiphrenic diverticulum in addition to the lower esophageal myotomy. One patient continues with significant swallowing difficulty, and two have only mild residual symptoms. One patient in this group has become essentially asymptomatic following a cricopharyngeal myotomy in addition to the previously performed esophagomyotomy. The final patient in the overall study (Table 1 ) had a lower esophageal stricture in addition to abnormal pressure studies. A Thal procedure was done on this patient with good results to date.
NEUROMUSCULAR IMBALANCE OF ESOPHAGUS
A number of investigators have shown a relation between hiatal hernia, esophagitis and motility disturbances of the e s o p h a g u~.~~~~~ These disturbances have been characterized by abnormal tone and response in the lower sphincter, motor incoordination, feeble and nonperistaltic contrac- is whether or not ihese esophageal motility problems are reversible. Henderson and co-workers,18 in a recent study, show that esophagitis produced by perfusion of bile salts and hydrochloric acid in animals resulted in disordered motor function in the body of the esophagus and a reduction of tone in the gastroesophageal sphincter. Remission of the esophagitis when daily perfusions were stopped was accompanied by a return to normal motor function and restoration of tone in the gastroesophageal high pressure zone. Our experience however, suggests that the motility disturbances may not regress after correction of the hiatal hernia and esophagitis.
The indication for myotomy in the present study was evidence of dysphagia associated with hyperactivity of the lower esophagus demonstrated by esophageal manometry and cinefluoroscopy of the esophagus. With the exception of individuals with severe neuromuscular failure, all the patients with mild hypoactive responses and minimal dysphagia preoperatively have done well with hiatal hernia repair alone. An extra long myotomy, as proposed by Ellis and colleagues," was performed in those patients with a hyperactive response, and the results compare favorably with those reported by him and by Ferguson and co-workers18 for d&se spasm of the lower esophagus.
In a number of patients with hiatal hernia, a nonreactive band was found at the level of the upper and middle one-third of the esophagus. Although this is approximately the junction of the striated and smooth muscle of the esophagus, the significance of this finding remains speculative. Although no symptoms can be related to this band, it has not been found in normal subjects.
The purpose of this article has been to reemphasize the association of hiatal hernia with neuromuscular problems of the esophagus. Although the incidence of clinically significant neuromuscular problems would seem low from this study, it is our impression that if all patients with hiatal hernia were studied by means of esophageal manometry, the incidence of some degree of peristaltic abnormality would be high. Any patient emphasizing dysphagia in his symptom complex deserves special evaluation. If the dysphagia cannot be explained on the basis of esophagitis with spasm or stricture, a neuromuscular problem of the esophagus must be considered and esophageal pressure studies ob- 
